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Received 20 July 2006; received in revised form 27 September 2006; accepted 16 October 2006AbstractThe shredder guild plays an outstanding role in the functioning of headwater stream ecosystems by processing
allochthonous leaf litter. Traditionally, the abiotic habitat template is regarded as the major determinant of its
organization, and only a limited number of studies support the importance of biotic interactions. The aim of the
present study was to examine whether competition plays a signiﬁcant role in organizing the shredder guild of
caddisﬂies in a rifﬂe. Null-model based co-occurrence, co-existence and guild variation analyses were used in the study
of guild organization. In addition, the traditional variance to mean ratio was applied for measuring the intraspeciﬁc
aggregation of guild members. The non-signiﬁcant metric values of co-occurrence and co-existence analyses predicted
that competition was of limited importance in structuring the spatial organization of the shredder guild. The observed
aggregated spatial distribution of species, suggests that besides stochastic events, deterministic forces should also
contribute to the organization of the shredder guild of caddisﬂies.
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The understanding of how communities are organized
is one of the major goals of community ecology (Gotelli
& Graves 1996). The term ‘guild’ (Root 1967) has
promoted the study of communities from a functional
perspective, as guilds are perceived as the building
blocks of these communities. They include species using
the same resources in similar ways (Simberloff & Dayan
1991). Some studies suggest that guilds are organized by
deterministic forces driven mostly by interactionse front matter r 2006 Elsevier GmbH. All rights reserved.
no.2006.10.002
ing author.
ess: schmera@julia-nki.hu (D. Schmera).between species (Diamond 1975; Gotelli & Ellison
2002; Sanders, Gotelli, Heller, & Gordon 2003), whereas
others highlight the importance of random processes
(Lawton 1984) and/or the signiﬁcance of abiotic factors
(Gotelli & Graves 1996).
Community organization of running waters is rather
complex. Traditionally, the abiotic habitat template (for
instance ﬂow regime, water chemistry, physical habitat,
etc.) is regarded as the major determinant of community
structure (Allan 1995; Hynes 1970) at several spatial scales
(Boyero 2003; Graca et al. 2004; Heino, Louhi, & Muotka
2004; Parsons, Thoms, & Norris 2004; Passy, Bode,
Carlson, & Novak 2004; Statzner, Bis, Doledec, &
Usseglio-Polatera 2001). Communities are kept constantly
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minor importance (Giller & Malmqvist 1998; Townsend
& Hildrew 1994). The abiotic habitat works as a ﬁlter and
determines the species composition of local habitats
(Lamouroux, Doledec, & Gayraud 2004; Statzner, Bis,
Doledec, & Usseglio-Polatera 2001; Statzner, Doledec, &
Hugueny 2004; Townsend, Doledec, & Scarsbrook 1997;
Townsend & Hildrew 1994; Usseglio-Polatera, Bournaud,
Richoux, & Tachet 2000; Usseglio-Polatera, Thomas,
Beisel, & Moreteau 1999). This is a suggested mechanism
as to why communities of headwater streams are different
from communities of large rivers (Vannote, Minshall,
Cummins, Sedell, & Cushing 1980) or why rifﬂe
assemblages are different from those of pools (Parsons
et al. 2004; Rabeni & Minshall 1977; Schmera &
Ero+s 2004). Functional analyses of such studies tradition-
ally use functional feeding groups (Cummins 1973) or
guilds (Hawkins & MacMachon 1989, but see Blondel
2003), and are based on comparing guild proportionality.
Interestingly, studies examining how individual guilds
are organized in streams are rather limited. It is clearly
known that the shredder guild of headwater streams has
an outstanding role in stream ecosystem functioning by
processing allochthonous leaf litter (Graca 2001; Van-
note et al. 1980; Wallace & Webster 1996) and that it
mostly follows the patchy distribution of leaf packs on
the stream bottom (Dobson & Hildrew 1992; Friberg,
Larsen, Rodkjaer, & Thomsen 2002; Graca 2001;
Kobayashi & Kagaya 2004). However, information on
whether interactions between its members occur is
restricted. A recent study examining caddisﬂies showed
that some members of the shredder guild were positively
associated (Schmera 2004), while Rowe and Richardson
(2001) showed that competitive interactions between
shredder species did occur in a manipulative experiment.
Consequently and in agreement with the assumptions
surrounding the guild concept (Hawkins & MacMachon
1989; Root 1967), the shredder guild is non-randomly
organized as a result of the competitive interactions
between its members. In contrast, a study focusing on
aggregation of stream macroinvertebrates revealed that
taxa were aggregated independently (Murphy, Giller, &
Horan 1998). This result supports the view that local
shredder guilds are randomly organized.
The aim of the present study was to examine the
spatial organization of a shredder guild of caddisﬂies in
a single rifﬂe of a headwater stream in an attempt to
determine whether or not the shredder guild of
caddisﬂies was structured by competition. Caddisﬂies
were selected as a model organism because of their
abundance and species richness in headwater streams
(Allan 1995; Giller & Malmqvist 1998; Greenwood,
Bickerton, & Petts 2001). Null models (Gotelli & Graves
1996) were performed for detecting competition.
Although, null models are adequate tools for detecting
biotic interactions based on distributional data ofspecies, they assume that there is no difference between
the habitat characteristics of the samples and only biotic
interactions and chance variation are responsible for the
community patterns observed (Gotelli & Graves 1996;
Weiher & Keddy 1999). To satisfy this fundamental
assumption, a single rifﬂe was selected out of several
candidates (see Ero+s, Botta-Duka´t, & Grossman 2003;
Ero+s & Grossman 2005; Schmera 2004; Schmera & Ero+s
2004) that provided a relative homogeneous environ-
ment for the shredder guild of caddisﬂies.Methods
Study area and ﬁeld sampling
The study was carried out in the northern part of
Hungary near Bernecebara´ti, where the Bernecei stream
ﬂows through the northern part of the Bo¨rzso¨ny
Mountains. The stream meanders through an oak-
hornbeam woodland (Querco-Carpinetum) with ripar-
ian vegetation dominated by alder (Alnus glutinosa).
The canopy provides extensive shading and leaves little
light for instream primary production. Hence, matter
production is predominantly based on allochthonous
leaf litter from the surrounding riparian vegetation. The
stream has a well-developed rifﬂe-pool morphology with
cobble and gravel as the dominant substratum (Ero+s
et al. 2003), and is representative of the natural
submountane streams of the Carpathian region in
Central Europe (Schmera & Ero+s 2004).
Based upon ﬁeld studies (Schmera 2004; Schmera &
Ero+s 2004) a rifﬂe (length 13m, average width 4.1m)
was selected in a natural second-order reach of the
Bernecei stream (4715800300N, 1815500200E, 188ma.s.l.).
The water depth within the rifﬂe varied between 3 and
8 cm. The dominant substrate was cobble (70%) with
gravel (25%), the size of the particles varied between 4
and 8 cm. Caddisﬂy larvae were collected on 18 May
2004 using a standardized Surber sampler (area: 0.09m2,
mesh size: 500 mm). In a 10-day period before the
sampling date, there was no rainfall that would inﬂuence
the rate of ﬂow of the stream. Although the rifﬂe was
well shaded, there was not any signiﬁcant accumulation
of coarse particulate organic matter that would have
favored the aggregation of shredders (Dobson 1999;
Hildrew et al. 1991; Muotka & Laasonen 2002; Murphy
et al. 1998). Consequently, the rifﬂe was considered to
present a relative homogeneous environment for stream
dwelling caddisﬂies, and allowed performing distribu-
tion data-based null models for detecting competition,
to be used. The rifﬂe was embedded between pool
patches, which differed in their caddisﬂy assemblages
(Schmera & Ero+s 2004). Hence, we hypothesized that
the caddisﬂy assemblage in the rifﬂe formed a relatively
independent (i.e. well segregated) community. Before
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of the 62 Surber samples was chosen randomly. The
sampling began downstream to avoid disturbance to the
upstream sector of the rifﬂe. To dislodge caddisﬂies
from the substrate and allow the streamﬂow to carry
them into the Surber net, the substrate within the
quadrat frame was agitated by hand to a depth of about
5 cm, followed by careful examination of all cobble and
gravel clasts. Each sample was preserved in 5%
formalin, labeled and returned to the laboratory for
examination. Caddisﬂies were identiﬁed to species level
using Waringer and Graf (1997). The whole list of
species is available in Schmera and Ero+s (2006).
Shredder species (Graf, Grasser, & Waringer 1995) were
used in the further analyses. However, most of the
caddisﬂies use a variety of feeding strategies (Cummins
& Klug 1979; Graf et al. 1995). Thus, only species with
high afﬁnity (X5 of 10 points in Graf et al. 1995) for
shredding coarse particulate organic matter were deﬁned
as shredder.Statistical analyses
Co-occurrence analysis was performed to test whether
the shredder guild of caddisﬂies was assembled by
chance or by competition. It uses the C-score (Stone &
Roberts 1990) as a measure of competition: if the value
is high, then the guild is hypothesized to be under the
pressure of competition. The observed C-score was then
compared with a null distribution. A null distribution
was generated 10,000 times by the ECOSIM software
(Gotelli & Entsminger 2001) using a sequential swap
algorithm (Gotelli & Entsminger 2003) and keeping
species occurrences and site occupancy constant. The
importance of competition in guild organization was
expressed using a P-value (Manly 1991). The P-value
was calculated as the number of randomized C-scores
being larger or equal to the observed metric over the
total number of randomizations (here: 10,000). The
observed C-score was deemed to be signiﬁcant (i.e. it
shows competition), if the P-value was equal or smaller
than 0.05.
Co-existence indices between pairs of species (CIij)
and for the whole guild (CIguild) were calculated by the
following metrics:
CIij ¼
XN
a¼1
xaixaj and CIguild ¼
PB
b¼1CIb
B
,
where CIij is the co-existence index (i.e. degree of
association) between species i and j, xai is the relative
abundance of species i in sample a, xaj is the relative
abundance of species j in sample a, N is the total number
of samples; CIguild is the co-existence index of the whole
guild, CIb is the co-existence index between two differentspecies, and B is the total number of different species
pairs in the guild. The formula used for expressing
association between species pairs is very similar to that
used by Osnas and Ankney (2003), but instead of raw
abundance, relative abundance data were used here (it is
important to note that the randomization (see below)
was performed using raw abundance data). This
correction standardized the co-existence index between
0 and 1, and allowed a co-existence index for the
whole guild to be expressed. If the observed co-existence
index is high, then there is an association between the
given species pair (CIij) or between most of the
species pairs (CIguild) in the guild. The observed CI
values were compared with the randomized ones.
Altogether 10,000 random pseudo-assemblages were
generated keeping species abundances and number of
individuals in a sample constant using a Microsoft
Excel macro. If the observed metric falls in the upper
marginal tail of the random distribution, then the
species pair shows positive association. If the observed
metric falls in the lower marginal tail of the distribution,
then the species pair shows a sign of competition (i.e.
negative association). Comparison of expected and
observed values of CI was compared as described in
co-occurrence analysis.
Spatial distribution of individual guild members
(i.e. intraspeciﬁc aggregation) was measured as the
variance (s2) to mean (m) ratio of the number of
individuals. If the ratio is greater than one, then the
distribution of individuals is aggregated; if the ratio is
equal to one then the distribution is random, and if the
ratio is less than one then the distribution is regular
(Elliott 1979; Southwood 1966). A w2-test (Southwood
1966) was used to test, whether the intraspeciﬁc
aggregation of caddisﬂy species showed aggregated,
random or regular distribution using the software
STATISTICA (Statsoft 2000). The same analyses were
performed on the whole shredder guild using the total
number of individuals.
The frequency distribution of species richness among
the samples was also tested. For this purpose, the term
guild variation was introduced (Szentesi, Schmera, &
Jermy 2006). Guild variation was deﬁned as the number
of species belonging to the same guild in a sample. Thus,
all samples with two guild members belong to the same
guild variation (two-member guild variation), regardless
of which two species are present in the samples. Guild
variation analysis allows the observed frequency of a
guild variation to be compared with a null distribution.
The null distribution was generated 10,000 times
keeping species occurrences constant. The observed
and randomized metric values were compared as
described in co-occurrence analysis. Each analysis was
performed to check whether the observed metric is
random or not; thus, two-tailed signiﬁcance tests were
applied (Manly 1991).
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Co-occurrence and co-existence analyses were per-
formed to test whether competition plays a signiﬁcant
role in the spatial organization of shredding caddisﬂies.
Neither the co-occurrence analysis (C-score ¼ 23.857,
P ¼ 0.761) nor the co-existence analysis on the whole
guild (CIguild ¼ 0.019, P ¼ 0.438) showed any sign of
competition between guild members. Consequently,
indices assessing the spatial organization of the whole
guild could not reveal any effect of competition. These
results were supported by the co-existence analyses
between pairs of species. Twenty species pairs of the
shredder guild assembled randomly (i.e. the value of
their co-existence index falls between the lower and
upper 2.5 percentile range of the randomized index
values; Fig. 1) and only the species pair of Halesus
digitatus and Halesus tesselatus showed a signiﬁcantlyFig. 1. The null model analyses on association (expressed as co-exist
the observed index value, while whiskers show the upper and lowe
distribution is shown by *.
Table 1. The density and spatial distribution characteristics of the
Variable Density (ind/m2
Anabolia furcata Brauer, 1857 3.58
Athripsodes bilineatus (Linnaeus, 1758) 1.25
Halesus digitatus (Schrank, 1781) 18.64
Halesus tesselatus (Rambur, 1842) 1.97
Limnephilus lunatus Curtis, 1834 0.18
Micropterna nycterobia McLachlan, 1875 0.18
Potamophylax rotundipennis (Brauer, 1857) 87.46
Whole guild 113.26
aThe analyses had not enough power to detect non-random pattern.positive association (i.e. the value of their co-existence
index is larger than the upper 2.5 percentile range of the
randomized index values, P ¼ 0.042, Fig. 1).
The traditional variance to mean ratio was applied to
characterize the spatial distribution of guild members.
Of the 7 shredder species (Table 1) Limnephilus lunatus
and Micropterna nycterobia appeared in a single sample
only and each species was represented by one individual,
thus, their spatial distribution cannot be evaluated. The
variance to mean ratio of the other ﬁve species,
Athripsodes bilineatus, Halesus digitatus, Halesus tesse-
latus and Potamophylax rotundipennis as well as of the
whole shredder guild was signiﬁcantly larger than one,
showing aggregated spatial distribution (i.e. they
showed intraspeciﬁc aggregation, Table 1).
Frequency distribution of species richness among the
samples was examined by a guild variation analysis.
Species richness of the samples varied between zero andence index) within 21 pairs of guild members. Rhombus shows
r 2.5 percentile ranges. Signiﬁcant deviation from the random
species and the guild
) s2/m P Spatial distribution
3.633 o0.001 Aggregated
1.773 o0.001 Aggregated
2.888 o0.001 Aggregated
1.575 0.004 Aggregated
a a a
a a a
13.877 o0.001 Aggregated
13.169 o0.001 Aggregated
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zero and seven (Fig. 2). The observed frequencies of
guild variations (samples with the same number of
species belonging to the same guild) were in agreement
with the expected (Fig. 2). Neither guild variation was
signiﬁcantly more or less frequent than would have been
expected (Fig 2).Discussion
The present study shows that the shredder guild
members of caddisﬂies were assembled randomly in the
rifﬂe: neither co-occurrence, nor co-existence (CIguild)
analyses revealed any deviation from random processes.
Consequently, competition (or any interaction between
populations) does not inﬂuence the spatial organization
of the guild, and this suggests that the incidence of one
guild member does not inﬂuence the incidence of
another. As a contribution to the debate within
community ecology as to the usefulness of distributional
data for detecting competition (Gotelli & Graves 1996;
Weiher & Keddy 1999), the competitive effect did not
appear to inﬂuence the spatial organization of the
shredder guild of caddisﬂies. However, our results
cannot be regarded as evidence of missing interactions
among guild members. For example, several studies
suggest (e.g. Wagner 2005; Wissinger, Eldermire, &
Whissel 2004; Wissinger, Sparks, Rouse, Brown,
& Steltzer 1996; Wissinger, Steinmetz, Alexander, &
Brown 2004) that competition between caddisﬂies might
affect ﬁtness parameters, such as weight or development
time, although not necessarily affecting the spatial
distribution of the interacting individuals.
However, the aggregated spatial distribution of the
individual populations seemed to support the view that
non-random processes might also contribute to theorganization of the guild. According to the aggregation
model of co-existence (Sevenster 1996; Sevenster & Van
Alphen 1996), competition between guild members
should force populations of the same guild into an
intraspeciﬁcally aggregated spatial distribution. In the
present study, the non-signiﬁcant co-occurrence and co-
existence indices (CIguild) predicted that competition
could not be responsible for the intraspeciﬁc aggregation
pattern observed (Table 1).
Besides competition, several explanations have been
developed to explain intraspeciﬁc spatial aggregation of
stream macroinvertebrates. First, macroinvertebrate
eggs are laid in egg-masses (Reich 2004), thus larval
macroinvertebrates belonging to the same species have
an a priori aggregated spatial distribution. However,
this distribution should have been later diluted because
of movement activity of the larvae (Englund & Ham-
back 2004; Otto 1971); thus egg-laying cannot be
responsible for the aggregated spatial distribution.
Another explanation focuses on habitat heterogeneity.
Several experimental results suggest that microhabitat
characteristics are of major importance in determining
macroinvertebrate community organization (Beisel,
Usseglio-Polatera, & Moreteau 2000; Lamouroux et al.
2004; Lancaster & Mole 1999; Parsons et al. 2004).
According to this explanation, considering the study site
as a homogeneous habitat was incorrect. Applying this
theory to the patterns observed, microhabitat patches
should favor the incidence of each species equally, but in
an intraspeciﬁcally aggregated way. This description is
in agreement with the ﬂow refugia hypothesis (Town-
send et al. 1997; Winterbottom, Orton, Hildrew, &
Lancaster 1997) according to which random species
aggregations are assembled in patches less affected by
streamﬂow.
Although the present study was focused and designed
for detecting competition between guild members, the
habitat heterogeneity hypothesis ﬁts best the observed
patterns. Thus, it is very likely that microhabitat hetero-
geneity shapes guild organization of shredder caddisﬂies.
Guild variation analysis showed that the observed
frequencies did not differ from a chance event (Fig. 2).
Although the primary aim of guild variance analysis was
to gather an insight into the possible constraints
affecting species assembly, it could not reveal the
consequence of any biotic or abiotic factor that would
favor a non-random distribution of guild members.
Only a single signiﬁcantly positive association (between
Halesus digitatus and H. tesselatus) out of 21 analyses
suggested that species abundances were non-indepen-
dent from each other. However, by adjusting the
P-values of the 21 comparisons to an experiment-wise
error rate (e.g. Zar 1999) of 0.05, all comparisons
showed independent (random) species abundance dis-
tribution. Applying this ﬁnding to the microhabitat
heterogeneity hypothesis, a microhabitat patch should
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member (for instance, the effect of presence or absence
of leaf packs on shredder caddisﬂies; Friberg et al. 2002;
Gonzalez & Graca 2005; Graca 2001; Kobayashi &
Kagaya 2004). Moreover, this ﬁnding is in accordance
with previous studies stating that signiﬁcant interspeciﬁc
aggregation among taxa is not common (Murphy et al.
1998) and mostly positive (Murphy et al. 1998; Schmera
2004).
Considering the experimental design applied, several
factors restrict the generalization of our results. First,
instead of the whole macroinvertebrate community,
only caddisﬂies were studied. Although caddisﬂies have
an important role in leaf breakdown in forest streams
(Giller & Malmqvist 1998; Graca 2001), other inverte-
brate groups (e.g. Amphipoda, Plecoptera, etc.) with
shredding activity are present in the Bernecei stream
(Ero+s, Schmera, Cser, Csabai, & Mura´nyi 2005).
However, the presence of other invertebrates was
sporadic in the rifﬂe during the sampling (D. Schmera,
pers. obs.). Second, organization of the shredder guild of
caddisﬂies was studied only in a single rifﬂe and only by
one sampling occasion. Nonetheless, this restriction
allowed our analyses to be performed independently
from the spatial and temporal variations observed in
stream ecosystems (Boyero 2003; Ero+s et al. 2005; Graca
et al. 2004; Heino et al. 2004; Parsons et al. 2004; Passy
et al. 2004; Statzner et al. 2004).
In summary, this study demonstrates that within a
rifﬂe habitat, the shredder guild of caddisﬂies is
randomly organized, whereas the spatial distribution
of its individual populations is aggregated. It is likely
that microhabitat heterogeneity within the rifﬂe was
responsible for the aggregated spatial distribution of
shredder guild members of caddisﬂies. Deterministic
forces of the stream habitat template (Townsend &
Hildrew 1994; Townsend et al. 1997) are the most
important factors structuring the shredder guild of
caddisﬂies and the effect of competition on the spatial
organization seems to be limited.Acknowledgments
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